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INTRODUCTION
In the recent work of Spencer [5J on the shape of slip surface in the stability analysis of embankments in uniform soil, the following two questions were raised:
1. Is the arc of a logarithmic spiral a more critical shape for the cross-section of the slip surface than a circular arc?
2. If the slip surface is an arc of a logarithmic spiral in cross-section, is its shape determined by the angle of shearing resistance~of the soil?
To answer these questions, Spencer analyzed the problem using the method of slices with the assumption of parallel inters lice forces and concluded that (1) the circular slip surface is more critical than the logarithmic spiral; and (2) there is no justification for assuming that the shape of the spiral is determined by the value of the angle of internal friction~of soil.
In a follow-up discussion to the paper, Chen [lJ pointed out that the shape of slip surface and the normal stress distribution are interrelated and both factors should be treated as the variables.
By assuming that the inters lice forces being parallel to each other in the'method of slices, the variable on the normal stress distribution for different shapes of slip surface was being implicitly assumed in Spencer's analysis. Chen concluded that the proper method of analysis to answer the above mentioned questions should therefore consider all the shapes of the slip surfaces as well as all the possible distribution of normal stress on the slip surface. Chen, although disagreed with Spencer's conclusion, did not present any analytical results of establishing the most critical slip surface and its associated normal stress distribution on the surface. However, Chen did suggest that this is an optimization problem and can be approached by applying the method of calculus of variations. The method may require considerable mathematical treatment to arrive at any appreciable solution. The work to be described herein is directed towaras an attempt to settle this argument. Using the method of variational calculus, the shape and normal stress distribution of the most critical surface are determined simultaneously.
It may be of interest to note that, by using the log-spiral surface of angle cp, the moment equation of static equilibrium is inde-" pendent of the normal stress distribution along the surface and, thus, permits the stability problems to be solved in a relatively simple mathematical form.
SOME PHYSICAL FACTS AND THEIR SIGNIFICANCE
A typical slope of homogenous soil under a uniform surcharge load, q is shown in Fig. 1 . The slope remains stable as long as the stress developed within the soil mass does not exceed soil strength.
Instability is initiated as the applied load q reaches its critical value and the collapse of the slope may be described by the rigid body slide of soil mass along one of many "potential" surfaces, S as shown n in Fig. 1 . At the incipient of collapse, the conditions of static as well as the yield or failure criterion must be satisfied everywhere along the surface. The most critical of all these potential surfaces is theoretically the one which allows minimum applied load. In absence of surcharge load (q = 0), the gravitational weight of the soil mass acts solely as the external load applied on the slope.
As an example, consider a uniform slope of Fig is an unknown function defining the shape of the slip surface.
(2)
Referring to Eq. 1 and Fig. 2 , the three equilibrium equations can be written as horizontal forces = 0 gives
The tangential shear stress, T and normal stress, 0' are related through the following Coulomb failure or yield criterion
Using the Coulomb criterion (8) 
The shape of the most critical slip surface can therefore be obtained by first solving Eq. 16 for r(e). Once the fun~tion r(e) is determined Eq. 17 can then be used for the determination of~(e) which describes the corresponding normal stress distribution along the critical slip surface obtained earlier.
SHAPE OF SLIP SURFACE
For convenience of solution, Eq. 16 is now transformed from polar to cartesian coordinates ( are as yet to be determined.
Since the moment equation (9c) (26) .
The constant terms of A l , A 2 and H/~o are given in details in Appendix II.
As an illustration, Fig. 5 shows the normal stress distribution obtained from Eq. 26, for slopes with base angles of~= 90°and~= 70°and soil friction angle q:J = 20°.
• CONCLUS IONS
From the results of this work, the following conclusions can be drawn:
1. For a horizontal slope of uniform soil, the most critical slip surface is logarithmic spiral of angle q:J. The writers thank Shirley Matlock for typing the manuscript and John Gera for the figure drafting.
The following are constant terms which must be substituted into Eq. 26 to obtain the required normal stress distribution cr(a)
,in its non-dimensionalized form.
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